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Description 

The present invention relates to a noise eliminat- 
ing apparatus for a video signal and, more particular- 
ly, to a noise eliminating apparatus which comprises 
a recursive digital filter using a frame memory and 
eliminates noise components contained in the video 
signal. 

The video signal is a signal in which image infor- 
mation is repeated at a frame period and the correla- 
tion between the frames is very strong. On the other 
hand, the noise components included in the video sig- 
nal generally hardly have the frame correlation. 
When, therefore, the video signal is averaged every 
frame period with respect to the time, the energy of 
the signal component hardly changes and only the en- 
ergy of the noise components decreases: There is 
known a noise eliminating apparatus which has been 
made in consideration of such a fact An example of 
a fundamental arrangement of the noise eliminating 
apparatus is shown in Fig. 1. 

In Fig. 1, a video signal which is extracted from 
the broadcasting waves or obtained by reading out of 
a recording medium is digitized by an A/D (analog/dig- 
ital) converter 1 and is supplied to a subtracter 2. A 
subtracted output of the subtracter 2 is multiplied with 
a recursive coefficient a by a multiplier 3 and is sup- 
plied to an adder 4. An added output from the adder 
4 is directly converted into an analog signal by a D/A 
(digital/analog) converter 5 which is a video signal to 
be supplied to a succeeding stage. The added output 
from the adder 4 is also supplied to a frame memory 
6 and the video data of one frame is stored therein, 
so that this output is delayed by only the period of time 
corresponding to one frame. The delayed video data 
are sequentially supplied to a chroma inverter 7, 
which inverts the chroma component on the basis of 
the phase inversion of the chroma component of each 
frame in the NTSC system so as to coincide the chro- 
ma phases of the neighboring frames. Thereafter, the 
resultant output signal is supplied to the other input 
terminal of each of the subtracter 2 and adder 4. In 
this manner, a recursive digital filter 8A using the 
frame memory is formed. 

in the recursive digital filter 8A, the recursive 
coefficient a has a value within a range of 0 < a ^ 1 . 
When a = 1, the noise eliminating effect is not ob- 
tained and an input video signal a directly becomes 
an output video signal v. On the contrary, when a = 
0, a full feedback recursive digital filter is formed and 
the largest noise eliminating effect is derived. Fig. 2 
shows an input/output gain characteristic graph of the 
recursive digital filter 8A when a = 0.5. As being ap- 
parent from this graph, the recursive digital filter 8A 
has a band eliminator characteristic in the time direc- 
tion (frame-to-frame direction) and can eliminate the 
noises in the hatched region in Fig. 2. 

On the other hand, it is natural an image repre- 



sented by a video signal moves and the correlation 
between the neighboring frames of the video signal 
in this moving portion is small. Therefore, when a is 
set to a small value, if the motion components exist 

5 in the hatched region in Fig. 2 in the moving portion, 
the motion components are attenuated, so that what 
is called a dimming phenomenon occurs on the dis- 
play screen due to the motion. To avoid such dimming 
phenomenon, there is provided a motion detector 9 to 

10 detect the motion of the image on the basis of a dif- 
ference signal p between the neighboring frames as 
a subtracted output of the subtracter 2, thereby con- 
trolling the value of a in accordance with the level of 
the difference signal p. In the still image portion, by 

15 setting a to a small value, the noises can be elimin- 
ated. In the moving portion, by setting a to a large val- 
ue, the dimming phenomenon can be suppressed. 

However, in the conventional noise eliminating 
apparatus with the foregoing arrangement, the noise 

20 eliminating efficiency must be sacrificed in order to 
suppress the deterioration in picture quality resulted 
from the dimming phenomenon in the moving portion. 
Therefore, it is difficult to simultaneously perform suf- 
ficient noise eliminating function while avoiding the 

25 dimming by the motion. In other words, when a is set 
to a targe value in the moving portion, the noise elim- 
inating efficiency is sacrificed, causing a phenomen- 
on such that the noise images or spots become con- 
spicuous. 

30 JP-A-61 009083 describes a noise reduction sys- 

tem in which incoming and delayed signals are sepa- 
rated into high and low frequency components with 
complementary mixing coefficients being applied to 
the corresponding frequency components. The coef- 

35 ficients (Kh, 1-Kh; K l , 1-KJ for each frequency com- 
ponent are controlled by the difference signal. 

The present invention is made to solve the draw- 
backs in the conventional apparatus as mentioned 
above and it is an object of the invention to provide a 

40 noise eliminating apparatus for a video signal in 
which the dimming phenomenon in the case of mov- 
ing picture is reduced and sufficient noise eliminating 
effect can be performed even in the moving picture. 
The present invention provides a noise eliminat- 

45 ing apparatus for eliminating noise components in a 
video signal, the apparatus comprising: a recursive 
filter having delay means for delaying a video signal 
by a predetermined period of time to produce a de- 
layed video signal, and difference means for gener- 

so ating a difference signal between the video signal 
and the delayed video signal produced by said delay 
means; the apparatus further comprising movement 
detecting means for detecting movement of an image 
on the basis of said difference signal, and control 

55 means for regulating a recursive coefficient applied to 
said difference signal on the basis of a detection out- 
put of said movement detecting means, characterised 
by: a spatial low pass filter and a spatial high pass f il- 
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ter for producing low frequency and high frequency 
components respectively, of said difference signal, 
said low frequency components and said high fre- 
quency components being subsequently multiplied 
by respective recursive coefficients, and said control 
means being operative to vary the recursive coeffi- 
cient corresponding to said low frequency compo- 
nents so as to decrease the amount of said low fre- 
quency components recirculated in said recursive fil- 
ter for the period of time when said movement detect- 
ing means detects the movement of the image, and 
to increase the amount of said low frequency compo- 
nents recirculated in said recursive filter for the period 
of time when said movement detecting means de- 
tects a still image, and said control means being op- 
erative to keep the recursive coefficient correspond- 
ing to the high frequency components at a constant 
value regardless of said movement detection. 

Other preferred features and advantages will be 
apparent from the following description and the ac- 
companying claims. 

In the accompanying drawings:- 
Fig. 1 is a block diagram showing an example of 
a fundamental arrangement of a noise eliminat- 
ing apparatus; 

Fig. 2 is a diagram showing input/output charac- 
teristics of a recursive digital filter when a = 0.5; 
Fig. 3 is a block diagram showing an embodiment 
of a noise eliminating apparatus according to the 
present invention; 

Fig. 4 is a block diagram showing an example of 
a circuit arrangement of a spatial LPF in Fig. 3; 
Fig. 5 is a characteristic graph of a difference sig- 
nal between the neighboring frames; and 
Fig. 6 is a block diagram showing another em- 
bodiment of a noise eliminating apparatus ac- 
cording to the invention. 

An embodiment of the present invention will be 
described in detail hereinbelow while referring to the 
accompanying drawings. 

In Fig. 3 showing an embodiment of the present 
invention, the same or similar parts and components 
as those in Fig. 1 are designated by the same refer- 
ence numerals. It is first to be understood that a re- 
cursive digital filter 8B differs from that in Fig. 1. In 
the recursive filter 8B, the difference signal p be- 
tween the neighboring frames which is a recursive 
component is supplied to a spatial LPF a (low pass fil- 
ter) 10 and a spatial HPF (high pass filter) 11. Fig. 4 
shows an example of a circuit arrangement of the spa- 
tial LPF 10. In the spatial LPF 10, the difference sig- 
nal p first passes through a vertical LPF 10a and then 
passes through a horizontal LPF 10b, so that the low 
frequency spatial frequency components r are sepa- 
rated. In Fig. 4, a parameter Z~ 1 corresponds to a de- 
lay equal to a horizontal line period (1 H period) and a 
parameter Z~ 2 corresponds to a delay equal to two 
sampling periods. The sampling frequency may be 



equal to 4fsc (fsc: subcarrier frequency). The spatial 
HPF 11 has the characteristics opposite to the spatial 
LPF 10 and separates the high frequency spatial fre- 
quency components s from the difference signal p. 

5 The spatial HPF 11 may include a spatial LPF and a 
subtracter producing an output representing a differ- 
ence between the input and output of the spatial LPF. 
The low frequency spatial frequency components r 
separated by the spatial LPF 10 are multiplied with a 

10 coefficient a by a multiplier 1 2 and is then supplied to 
an adder 13. The high frequency spatial frequency 
components s separated by the spatial HPF 11 are 
multiplied with a coefficient 0 by a multiplier 14 and 
is then supplied to the other input terminal of the ad- 

15 der 1 3. 

The coefficient a of the multiplier 12 is set by a 
coefficient generator 1 5 on the basis of a detection 
output of the motion detector 9. When a moving por- 
tion a is determined by the motion detector 9, the 

20 coefficient is set to a larger value such as 1 . When the 
still image portion is detected, the coefficient a is set 
to a smaller value such as 0.5. The high frequency 
spatial frequency components (the high frequency 
components in the vertical and horizontal direction) 

25 always circulate in the loop while being multiplied with 
the coefficient 0 and have such characteristics as 
shown in Fig. 2 in the time direction (frame-to-frame 
direction). The component 0 may be fixed to 0.5. The 
low frequency spatial frequency components are 

30 mixed to the high frequency spatial frequency com- 
ponents, while the former being multiplied with the 
coefficient a of the high value in the moving portion. 
In the still portion, the low frequency spatial frequen- 
cy components are multiplied with the tower value 

35 thereby having such magnitudes as the characteris- 
tics shown in Fig. 2 and mixed with the high frequency 
spatial frequency components multiplied with the 
coefficient 0. That is, the ratio of the low frequency 
spatial frequency components in the recursive com- 

40 ponents to the high frequency spatial frequency com- 
ponents is controlled on the basis of the motion de- 
tection output. In a manner similar to the case of the 
conventional apparatus, the motion detector 9 de- 
tects the motion of the picture on the basis of the dif- 

45 ference signal p between the frames. The added out- 
- put of the adder 13 is supplied as the recursive com- 
ponents to the adder 4. 

Although the value of the coefficient a has been 
changed between the larger and smaller values in the 

50 above, it may be meaningful in some cases to change 
the value a in accordance with the detection output of 
the motion detector 9 in a manner similar to the case 
of the conventional apparatus shown in Fig. 1. 

With the above-mentioned arrangement, when a 

55 still portion is determined by the motion detector 9, 
the coefficient a of the multiplier 12 is set to a lower 
value by the coefficient generator 15. Thus, the recur- 
sive digital filter 8B has the low pass filter character- 
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istic in the time direction (frame- to-frame direction) 
as shown in Fig. 2 in a manner similar to the recursive 
digital filter 8A in Fig. 1 and can eliminate the noises 
in the hatched region in the diagram. On the other 
hand, if a moving portion is determined by the motion 
detector 9, the coefficient a of the multiplier 12 is set 
to the larger values such as 1 , so that a larger amount 
of the low frequency spatial frequency components 
separated from the difference signal p are mixed to 
the high frequency spatial frequency components. 
Which is multiplied with the fixed coefficient p and do 
not circulate. 

It is now apparent that in the moving portion, the 
low frequency spatial frequency components which 
play important role is defining contours of a picture is 
kept without any substantial attenuation. Thus, the 
dimming due to the movements of the picture can be 
fairly avoided. In addition, since the noise compo- 
nents in the high frequency ranges in the vertical and 
horizontal directions which are particularly visually 
conscious are eliminated by using the correlation be- 
tween the frames. Thus, a sufficient noise eliminating 
effect can be obtained in the moving portion. 

Fig. 6 shows another embodiment of the inven- 
tion. In this embodiment, in a recursive filter 8C, a dig- 
ital input video signal x is supplied to the other input 
terminal of the adder 4 and added to the recursive 
components which is the added output of the adder 
13. In the still image portion, the coefficient a of a 
larger value such as 0.5 is multiplied to the low fre- 
quency spatial frequency components r included in 
the difference signal p which is obtained by subtract- 
ing the input video signal from the delayed video sig- 
nal in the subtracter 2. On the other hand, in the mov- 
ing portion, the coefficient a is set to a smaller value 
such as 0. According to this embodiment, in the still 
image portion, the recursive filter 8C is equivalent to 
the recursive filter 8A in Fig. 1 and has the low pass 
filter characteristic in the time direction as shown in 
Fig. 2. On the other hand, in the movement portion, 
the recursive coefficient a is set to a smaller value, so 
that the low frequency spatial frequency components 
r less circulate. Consequently, the effect similar to 
that in the case of the foregoing embodiment is de- 
rived. 

In each of the embodiments, the noise eliminat- 
ing apparatus using the frame correlation has been 
described. However, the invention can be also ap- 
plied to a noise eliminating apparatus using the field 
correlation. The similar effect can be derived even in 
the case of another arrangement in which one-field 
memory or two-frame memory is used as the frame 
memory 6. 

On the other hand, the embodiments has been 
described while referring to the arrangements in each 
of which the ratio of the low frequency spatial fre- 
quency components in the recursive components to 
the high frequency spatial frequency components is 



controlled on the basis of the motion detection output. 
However, it is also possible to constitute in such a 
manner that the recursive components are divided 
into the low frequency, middle frequency, and high 

5 frequency spatial frequency components and the low 
frequency and middle frequency spatial components 
are mixed to the high frequency spatial frequency 
components at predetermined mixture ratios based 
on the motion detection output 

10 As described above, the respective recursive 

coefficients for a plurality of spatial frequency com- 
ponents included in the difference signal between the 
input video signal and the delay input video signal is 
regulated on the basis of the motion detection output. 

15 Thus, the dimming due to the motion in the picture 
can be reduced to such a level that no problem occurs 
visually and at the same time, the high frequency 
noises can be eliminated because of the correlation 
between the frames. Therefore, the dimming phe- 

20 nomenon due to the motion in the moving portion can 
be reduced and the sufficient noise eliminating effect 
can be also derived. 



25 Claims 

1. A noise eliminating apparatus for eliminating 
noise components in a video signal, the appara- 
tus comprising: 
30 a recursive filter (8B, 8C) having delay 

means (6) for delaying a video signal by a prede- 
termined period of time to produce a delayed vid- 
eo signal, and difference means (2) for generat- 
ing a difference signal between the video signal 
35 and the delayed video signal produced by said 

delay means; 

the apparatus further comprising: 
movement detecting means (9) for detect- 
ing movement of an image on the basis of said 
40 difference signal, and 

control means (15) for regulating a recur- 
sive coefficient (a) applied to said difference sig- 
nal on the basis of a detection output of said 
movement detecting means (9), characterised 
45 by: 

a spatial low pass filter (10) and a spatial 
high pass filter (11) for producing low frequency 
and high frequency components (r,s) respective- 
ly, of said difference signal, said low frequency 

50 components (r) and said high frequency compo- 

nents (s) being subsequently multiplied by re- 
spective recursive coefficients (a, 0), and 

said control means (15) being operative to 
vary the recursive coefficient (a) corresponding 

55 to said low frequency components (r) so as to de- 

crease the amount of said low frequency compo- 
nents (r) recirculated in said recursive filter for 
the period of time when said movement detecting 
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means (9) detects the movement of the image, 
and to increase the amount of said low frequency 
components (r) recirculated in said recursive fil- 
ter for the period of time when said movement de- 
tecting means (9) detects a still image, and said s 
control means (15) being operative to keep the 
recursive coefficient (P) corresponding to the 
high frequency components (s) at a constant val- 
ue regardless of said movement detection. 

10 

2. A noise eliminating apparatus according to claim 
1 ; characterised in that said delay means (6) in- 
cludes means for feeding back said delayed vid- 
eo signal to a summation means (4) which adds 

the delayed video signal to a summation signal, 15 
said summation signal corresponding to a sum- 
mation of said low frequency and high frequency 
components (r,s) that have been multiplied by 
said respective recursive coefficient (a,0). 

20 

3. A noise eliminating apparatus according to claim 
1, characterised in that said apparatus further 
comprises a means for feeding forward said vid- 
eo signal to a summation means (4) for adding 

said video signal to a summation signal, said 25 
summation signal corresponding to the summa- 
tion of the low frequency and high frequency 
components (r,s) that have been multiplied by 
said recursive coefficients (a,p). 

30 

Patentanspruche 

1. Rauschunterdruckungsvorrichtung zur Entfer- 

nung von Rauschanteilen aus einem Videosi- 35 
gnal, welche Vorrichtung aufweist 

ein rekursives Filter (8B, 8C) mit einer Ver- 
zdgerungseinrichtung (6) zum Verzdgern eines 
Videosignals um eine vorgegebene Zeitspanne, 
um ein verzogertes Videos ignal zu erzeugen, 40 
und einer Differenziereinrichtung (2) zur Erzeu- 
gung eines Differenzsignals zwischen dem Vi- 
deosignal und dem von der Verzogerungseinrich- 
tung erzeugten verzdgerten Videosignal; 

wobei die Vorrichtung ferner aufweist: 45 

eine Bewegungsdetektionseinrichtung (9) 
zurErfassung der Bewegung eines Bildes aufder 
Basis des Differenzsignals, und 

eine Steuereinrichtung (15) zur Regulie- 
rung eines rekursiven Koeffizienten (a), der auf so 
das Differenzsignal angewendet wird, auf der Ba- 
sis eines Detektionsausgangssignals der Bewe- 
gungsdetektionseinrichtung (9), gekennzeichnet 
durch: 

ein raumliches Tiefpa&filter (10) und ein 55 
raumliches Hochpa&filter (11) zur Erzeugung 
niederfrequenter bzw. hochfrequenter Kompo- 
nenten (r, s) des Differenzsignals, wobei die nie- 



derf requenten Komponenten (r) und die hochf re- 
quenten Komponenten (s) anschlie&end mit ent- 
sprechenden rekursiven Koeffizienten (a, p) mul- 
tipliziert werden; und 

wobei die Steuereinrichtung (15) so arben 
tet, daB sie den rekursiven Koeffizienten (a) ent- 
sprechend den niederf requenten Komponenten 
(r) variiert um den Anteil der niederf requenten 
Komponenten (r) zu vermindern, die in dem re- 
kursiven Filter wahrend der Zeitspanne umlau- 
fen, in der die Bewegungsdetektionseinrichtung 
(9) eine Bewegung des Bildes feststelit, und um 
den Anteil der niederfrequenten Komponenten 
(r) zu erhohen, die in dem rekursiven Filter wah- 
rend der Zeitspanne umlaufen, in der die Bewe- 
gungsdetektionseinrichtung (9) ein stehendes 
Bild erfadt, und wobei die Steuereinrichtung (1 5) 
so arbeitet, da& sie den rekursiven Koeffizienten 
(P) entsprechend den hochfrequenten Kompo- 
nenten (s) ohne Rucksicht auf die Bewegung sde- 
tektion auf einem konstanten Wert halt. 

2. Rauschunterdruckungs vorrichtung nach An- 
spruch 1, dadurch gekennzeichnet, da& die Ver- 
zogerungseinrichtung (6) eine Einrichtung zur 
Ruckkopplung des verzdgerten Videosignals zu 
einer Summationseinrichtung (4) aufweist, die 
das verzdgerte Videosignal zu einem Summati- 
onssignal addiert, wobei das Summationssignal 
einer Summation der niederfrequenten und der 
hochfrequenten Komponenten (r, s) entspricht, 
die mit den entsprechenden rekursiven Koeffizi- 
enten (a, P) multipliziert worden sind. 

3. Rauschunterdruckungsvorrichtung nach An- 
spruch 1, dadurch gekennzeichnet, da& die Vor- 
richtung ferner eine Einrichtung zum Weiterleiten 
des Videosignals zu einer Summationseinrich- 
tung (4) aufweist, um das Videosignal zu einem 
Summationssignal zu addieren, wobei das Sum- 
mationssignal der Summation der niederfre- 
quenten und der hochfrequenten Komponenten 
(r, s) entspricht, die mit den rekursiven Koeffizi- 
enten (a, P) multipliziert worden sind. 



Revendications 

1. Appareil de suppression de bruit permettant de 
supprimer des composantes de bruit dans un si- 
gnal video, Pappareil comprenant: 

un filtre recursif (8B, 8C) comportant un 
moyen de retard (6) pour retarderun signal video 
d'une period e temporelle predeterminee afin de 
produire un signal video retarde, et un moyen de 
difference (2) pour generer un signal de differen- 
ce entre le signal video et le signal video retarde 
produit par led it moyen de retard, 
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I'appareil com pre nan t en outre: 

un moyen de detection de deplacement (9) 
pour detecter un deplacement d'une image sur la 
base dudit signal de difference; et 

un moyen de commande (15) pour regie r s 
un coefficient recursif (a) applique audit signal de 
difference sur la base d'une sortie de detection 
dudit moyen de detection de deplacement (9), 

caracterise pan 

un filtre passe-bas spatial (10) et un filtre to 
passe-haut spatial (11) pour produire respective- 
ment des composantes basse frequence et haute 
frequence (r, s) dudit signal de difference, lesdi- 
tes composantes basse frequence (r) et lesdites 
composantes haute frequence (s) etant ensuite is 
multiplies par des coefficients recursifs respec- 
tifs (a, p); et 

ledit moyen de commande (1 5) fonction- 
nant pour faire varier le coefficient recursif (a) 
correspondent auxdites composantes basse f re- 20 
quence (r) de maniere a diminuer la valeur des- 
dites composantes basse frequence (r) recircu- 
lees dans ledit filtre recursif pendant la periode 
temporelle pendant laquelle ledit moyen de de- 
tection de deplacement (9) detecte le deplace- 25 
ment de P image et de maniere a augmenter la va- 
leur desdites composantes basse frequence (r) 
recirculees dans ledit filtre recursif pendant la 
periode temporelle pendant laquelle ledit moyen 
de detection de deplacement (9) detecte une ima- 30 
ge fixe et ledit moyen de commande (15) fonc- 
tionnant pour maintenir le coefficient recursif (p) 
correspondent aux composantes haute frequen- 
ce (s) a une valeur constante independamment 
de ladtte detection de deplacement. 35 

2. Appareil de suppression de bruit selon la reven- 
dication 1, caracterise en ce que ledit moyen de 
retard (6) inclut un moyen pour appliquer en re- 
tour ledit signal video retard e a un moyen de sonv 40 
mation (4) qui additionne le signal video retarde 

a un signal de sommation, ledit signal de somma- 
tion correspondant a une sommation desdites 
composantes basse frequence et haute frequen- 
ce (r, s) qui ont ete multipliees par lesdits coeff i- 45 
cients recursifs respectifs (a, P). 

3. Appareil de suppression de bruit selon la reven- 
dication 1, caracterise en ce que ledit appareil 
comprend en outre un moyen pour appliquer en 50 
sens direct ledit signal video a un moyen de som- 
mation (4) pour addition ner ledit signal video a un 
signal de sommation, ledit signal de sommation 
correspondant a la sommation des composantes 
basse frequence et haute frequence (r, s) qui ont 55 
ete multipliees par lesdits coefficients recursifs 

(a. P). 
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FIG . 5 
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